




Ten dimensions of technology regulation
Koops, E.J.
Published in:




Publisher's PDF, also known as Version of record
Link to publication in Tilburg University Research Portal
Citation for published version (APA):
Koops, E. J. (2010). Ten dimensions of technology regulation: Finding your bearings in the research space of an
emerging discipline. In M. E. A. Goodwin, B. J. Koops, & R. E. Leenes (Eds.), Dimensions of technology
regulation (pp. 309-324). Wolf Legal Publishers (WLP).
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.




Chapter 15. Ten dimensions of technology regulation. Finding your 
bearings in the research space of an emerging discipline 
B ert-Jaap K oops 
Tilburg Institute for L aw, Technology, and S ociety (TIL T) , Tilburg 
U niv ersity 
 
Abstract 
W e are at the start of what may be emerging as a new discipline of 
academic study: technology regulation, the study of how technologies 
are or should be regulated. W ith a broad definition of technology – the 
wide range of tools and crafts that people use to change or adapt to 
their env ironment – and of regulation – the intentional influencing of 
someone’s or something’s behaviour – this is a wide-ranging and 
complex  field indeed. To get a grip on this emerging field, we need 
theoretical grounding. S o far, few attempts hav e been made to map the 
space in which regulators and researchers who deal with technology 
regulation mov e. This chapter prov ides a first, essayistic attempt at 
comprehensiv ely mapping the space of the emerging field of technology 
regulation by distinguishing and describing the ten dimensions that 
together span up this space. S tarting with technology-related 
dimensions ( type of technology, degree of innov ation, place, and time) , 
it mov es on v ia regulation-related dimensions ( type of regulation, 
normativ e outlook , and k nowledge)  to research-related dimensions 
(discipline, problem definition, and frame) . The articulation of 
technology regulation as a ten-dimensional space is an analytic tool that 
may help us to understand what this emerging discipline is about, how 
it approaches its research, which k nown unk nowns need to be 
researched, and to get an intuition of the unk nown unk nowns that await 




W hen I studied mathematics, I was always fascinated by multi-
dimensional spaces. For a mathematical problem, it doesn’t 
fundamentally matter whether you’re dealing with two, four, or sixty-
three dimensions (granted, calculating problems in 6 3 -dimensional 
space is perhaps somewhat more complex  than solv ing a two-
dimensional eq uation) . U nlik e some mathematicians and all 
computers, most people – myself included – hav e difficulty in 
v isualising and dealing with a problem in a space with more than three 
or four dimensions.  
The difficulty of handling more than three or four dimensions stems 
of course from the fact that our univ erse is spanned up by three spatial 
dimensions and one temporal dimension. O r rather, we humans 
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perceiv e the univ erse as being spanned up by these four dimensions. If 
we are to believ e fundamental scientists in q uest of the Theory of 
E v erything, timespace is actually spanned up by ten or elev en 
dimensions. W e only perceiv e four of them – the others are compacted 
away beyond human perception (unless your brain happens to hav e the 
perceptiv e and imaginativ e q ualities of the lik es of A lbert E instein or 
S tephen H awk ing) .  
P erhaps a similar mechanism occurs in technology regulation. 
W hen we define, attack , and solv e problems in technology regulation, 
we hav e difficulty in dealing with more than three or four dimensions. 
The problem as we perceiv e it may well be addressed in this manner – 
we are only human, after all – but the underlying mechanisms are often 
infinitely more complex  and multi-faceted, leading to a limited 
understanding of the real problem (whatev er that may be)  or of the full 
thrust of a solution we come up with.  
Technology regulation certainly is a multi-dimensional space. 
A cademics and regulators hav e realised this for many years, and the 
papers in this v olume again show ample ev idence of the complex ities 
of technology regulation. B ut do we actually understand how complex  it 
is, and how many different perspectiv es are inv olv ed?  To do so, we 
should at least bring together insights from v arious legal fields, legal 
theory, gov ernance studies, ethics, policy studies, public 
administration, political science, media and communications theory, 
science &  technology studies, and philosophy of technology, to name 
the most obv iously relev ant fields, along with different fields of science 
and technology itself. O ne of the aims of the conference that lay at the 
basis of this v olume was to bring together scholars from these different 
disciplines, to discuss together topical problems in the field of 
technology regulation. A s the contributions to this v olume 
demonstrate, the topics and issues we are dealing with bear some 
close resemblances and interrelations, but they are also q uite v arying 
and div ergent, as they mov e along different lines of research. 
N ev ertheless, they are all mov ing around in the same space – the space 
of technology regulation research.  
A s I perceiv e it, we are at the start of what may be emerging as a 
new discipline of academic study: technology regulation. ‘T echnology 
regulation’ here indicates the study of how technologies are or should 
be regulated, technologies being the broad range of tools and crafts 
that people use to change or adapt to their env ironment, and 
regulation being the intentional influencing of someone’s or 
something’s behaviour.  
It is actually too early to speak  of an emerging discipline yet, but the 
contours are certainly appearing on the map: all around the world, 
conferences, journals, and research centres are emerging dev oted to 
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technology regulation. N ot all of these cov er the full range of issues 
that fall within the broad scope of my work ing definition of technology 
regulation, which ranges from bio-ethics to innov ation theory and from 
intellectual property to cybercrime, but increasing ties between the 
div erse researchers and research centres facilitate an ex change of ideas 
and insights across the board.  
L et us assume that at some point, technology regulation will indeed 
emerge as a new discipline, or at the v ery least as a broadly studied 
field of trans-disciplinary research. To get a grip on this multi-
dimensional field of technology regulation, we need theoretical 
grounding. U nsurprisingly for an emerging field, technology regulation 
is rather under-theorised so far, and few attempts hav ing been made to 
map the space. To be sure, attempts at theorising hav e been made 
that, ev en if they do no fulfil the promise of their comprehensiv e titles, 
prov ide relev ant insights into technology regulation (Cock field and 
P ridmore, 2 0 0 7 ; M andel, 2 0 0 7 ) , but these do not aim to 
comprehensiv ely describe all relev ant factors that are at issue in 
technology regulation. For space mapping, perhaps Roger B rownsword 
( 2 0 0 8 )  comes closest in the introductory chapter to his Rights, 
Regulation, and the Technological Rev olution, in which he succinctly 
lists k ey regulatory aspects for the technologies of the 2 1st century, 
including regulatory styles, modes, pitch, phasing, and range. Roger 
B rownsword and H an S omsen ( 2 0 0 9 )  hav e also sk etched major 
contours of technology regulation in their introductory article to the 
new journal L aw, Innov ation and Technology.  
P erhaps technology regulation need not go as far as dev eloping a 
superstring theory or M -theory of fundamental physics, let alone a 
Theory of E v erything, at this stage of its dev elopment. B ut it certainly is 
useful to attempt to further map the space in which the researchers of 
technology regulation trav el, for two reasons. Firstly, determining the 
ax es of the multi-dimensional space that constitutes technology 
regulation research will help us to get a grip on where we are, to find 
our bearings by seeing the co-ordinates of our point in space, and to 
become more aware of those other dimensions that influence our state 
of being beyond the three or four v isible ones. S econdly, once we see 
more clearly where we are and what space surrounds us, we can look  
ahead to those areas of the univ erse that are as yet unex plored. 
K nowing the dimensions of technology regulation research can help us 
to define future research agendas and to set our course accordingly, 
tak ing on board new disciplines and insights along the way as we come 
to understand better what we need for solv ing the k nown and unk nown 
problems that await us ‘out there’.  
In this chapter, I prov ide an attempt at comprehensiv ely mapping 
the dimensions of the emerging field of technology regulation research. 
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W ithin the limitations of this book , this can only be done in a sk etchy 
and prov isional way, and this chapter should be read as an essay 
proposing one way in which the univ erse of technology regulation can 
be perceiv ed. If this essayistic map helps researchers or regulators to 
some ex tent to find their bearings or to see interesting paths for future 
research, my aim will be more than fulfilled.  
 
15.2 . T e n D im e nsions 
To see where you are, or where you want to go, in technology regulation 
(TR)  research space, all you hav e to do is determine the coordinates 
along ten different dimensions. S tarting with technology-related 
dimensions, we mov e on v ia regulation-related dimensions to research-
related dimensions. Just step on board and trav el along. 
 
15.2 .1. T e ch nolog y  T y p e  
The first and most obv ious dimension to begin with is the type of 
technology at issue. S ince ‘technology’ refers to the broad range of 
tools and crafts that people use to change or adapt to their 
env ironment, many different types of technologies can be the focus of 
research, and obv iously, the q uestions raised by a certain dev elopment 
in technology depend v ery much on the character and lev el of 
abstraction of the technology at issue.  
In terms of character of technology, we can look  at seemingly simple 
material applications, for ex ample bicycles, bak elite, and ( light)  bulbs, 
in the attractiv ely alliterativ e analysis of W iebe B ijk er (19 9 5) , or at 
modern-day innov ations in materials such as nano-products 
( S chellek ens*; G ammel et al.*)  and chemical substances ( V ersluis et 
al.*) . Information and communication technologies ( ICT)  hav e 
different characteristics from material technologies, in that the 
concerns raised by ICT often reside not only in their physical aspect – 
hardware, electrons, q uantum bits – but also, and often more 
pertinently, in their immaterial, v irtual aspect – cyberspace (wherev er 
that space may be) , information, and k nowledge ( H ildebrandt*; H endry 
and G oodall*) . A nd while these technologies can be characterised as 
‘thing-related’ technologies, yet other issues are raised by ‘life-related’ 
technologies, meaning technologies that impact or use organic or 
liv ing bodies, such as plants through G M O s ( V an A sselt et al.*)  or 
humans through embryo-affecting technologies ( G av aghan*; 
Z eegers*) , or other applications of human biotechnology, genetics, or 
neuro-technologies. A nd as we trav el along the ax is of technology, we 
                                                     
* A n asterisk  denotes that the paper referred to is included in this v olume. It is therefore 
not listed separately in the References section. 




will observ e that, increasingly, these different types of technologies are 
being combined in what is usually termed ‘converging technologies’ or 
N B IC (nano-bio-info-cogno technologies) , for ex ample in nano-
medicine (Dorbeck -Jung*) , bio-computing, or synthetic biology. This 
alone is a sufficient reason to bring together scholars from different 
fields to jointly study technology regulation, since insights from 
different technology fields must be combined as technologies 
conv erge. 
The lev el of abstraction is also a feature of the technology 
dimension. W e can look  at v ery concrete applications of a certain 
technology, such as Facebook  ( H endry and G oodall*)  or the creation of 
hybrid human-animal embryos ( Z eegers*) . A t the other end of the 
spectrum, ‘technology’ can be studied as a phenomenon in itself, for 
example how people interrelate with pervasive ‘technoscience’ today 
and tomorrow ( Z wart*) . M ost research is situated somewhere in 
between the v ery concrete application and the v ery concept of 
technology; this ranges from the somewhat concrete – web 2 .0 , nano-
medicine, or psycho-pharmaceuticals – to a more abstract category lik e 
ICT or neuro-technologies.  
 
15.2 .2 . Innov ation 
S ome technologies seem plain and well-k nown; we are so used to them 
in ev eryday life that our brain hiccups for a fraction of a second when 
you refer to a ballpoint, a brick , or a pair of glasses as ‘a technology’. A t 
one point in time, howev er, these were radical innov ations. O ther 
technologies seem completely new today; brain-controlled bionic limbs 
or colour-changing nano-coatings sound lik e science fiction rather than 
S cience facts to most people, ev en though they hav e featured on the 
research agenda for sev eral years, and at some point in time they may 
become as plain as a plane. The degree of innov ation clearly is a 
relev ant dimension in technology regulation research. W ell-k nown, 
‘more-of-the-same’ technology applications will usually fall within the 
scope of ex isting legislation or other regulatory instruments, in contrast 
to radically new technologies.  
This is a different dimension from the first, since the type of 
technology is, in principle, independent from how innov ativ e it is. 
A lthough we talk  easily of ‘new technologies’ or ‘emerging 
technologies’, often with the implicit or explicit understanding that we 
refer to nano-technologies, neuro-technologies or conv erging tech-
nologies, the applications in these fields need not always be ‘new’ or 
‘emerging’, but may simply be an improved version of existing tools. 
A nd conversely, ‘old technologies’ can also deliver innovative 
applications; some of the most ex citing dev elopments today tak e place 
in, for ex ample, synthetic materials, robotics, and cars. A dmittedly, 
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most of these dev elopments inv olv e some form of ICT or 
biotechnology, underlining the increasing interwov enness of the 
branches of science and technology. B ut in principle, any type of 
technology can yield both more-of-the-same and v ery innov ativ e tools 
and crafts.  
The degree of innov ation is relev ant for regulatory research, not 
because innov ativ e technologies raise more q uestions than non-
innov ativ e ones, but because the type of q uestions at issue differ. W ith 
‘large’ innovations, research will tend to be exploratory in nature and 
focus on the core effects of the innovation at issue. ‘S mall’ innovations 
can lead to more analytic q uestions of compliance or the ex act 
formulation of rules, and often, regulatory implications of unforeseen 
side-effects will be the object of scrutiny – sometimes, a small step for 
a technology ( such as embedding a tex t message option in mobile 
phones)  turns out to constitute a giant leap for society (changing 
patterns of language and communication) . It is also important to 
realise that the degree of innov ation need not always lie in the q uality of 
a technology, but that q uantity is eq ually important. It is far from rare 
that a change in the scale of a technology giv es rise to significant 
regulatory q uestions, for ex ample with cryptography (becoming almost 
impossible to crack  when based on mathematical algorithms instead of 
traditional ciphers)  or with biobank s for medical research ( yielding new 
types of information when interconnected on a massiv e scale) . H ere, 
innov ation arising from q uantitativ e steps can hav e truly q ualitativ e 
implications.  
 
15.2 .3 . P lace  
A n obv ious dimension, if only because it is the one most associated 
with our understanding of space, is place. W here a technology is 
dev eloped or used, in which env ironment, in what k ind of organisation 
– these are all relev ant factors for appreciating the implications of a 
giv en technology. E v en though globalisation and the increasingly 
international organisation of science and technology imply that 
technological innov ations trav el far and fast nowadays, this by no 
means implies that technologies evolve in a global ‘technospace’ 
without local, national, or regional geographical components. This 
applies a fortiori to regulation, which retains a strong geographical 
component howev er much international law, global gov ernance, and 
international standardisation hav e gained ground ov er the past 
decades. Q uestions of technology regulation always hav e to tak e into 
account the location of both the technology and regulatory attempts, so 
that relev ant socio-cultural, legal, economic, and institutional factors 
associated with that place can be factored in.  
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This applies as much to physical space as to v irtual space, if we 
understand cyberspace or a virtual world to be a ‘place’ that exists in 
another realm than the computers, software, cables, and wireless 
wav es that mak e this v irtual space come into being. V irtual worlds also 
hav e socio-cultural, regulatory, economic, and institutional elements 
associated with their geography, which, depending on the perspectiv e 
from which they are considered, will to a greater or lesser ex tent be 
connected with those of the physical locations where v irtual space and 
real space intersect and interact.   
 
15.2 .4 . T im e  
A s it is the fourth dimension in timespace, so is time the fourth 
dimension in TR research space. Time is essential for technology and 
for regulation. This dimension to a large ex tent corresponds with the 
temporal dev elopment cycle of technology: from fundamental science 
to applied science, and from research &  dev elopment v ia product 
dev elopment to product mark eting and product use. The v arious stages 
of technology dev elopment inv olv e different regulatory issues, although 
some elements – such as distribution of responsibility and the social 
shaping of technology – feature in each stage. Regulatory issues in the 
earliest stages of fundamental research may focus on long-term, large-
impact effects and scenario forecasting of a technology in abstracto, 
while the latter stages of technology mark eting and use can focus on 
short-term effects of concrete applications. B ut of course the rev erse is 
also possible: one can ask  concrete q uestions about health and safety 
regulations for fundamental research of nanotubes, and study the long-
term effects on identity of social-network  sites.  
M any issues along the time dimension relate to the q uestion of 
when regulators can or should interv ene if they want or ought to 
regulate. C ollingridge’s dilemma is perhaps the most pertinent 
formulation of the challenges of time: controlling a technology is 
difficult in its early stages because not enough is k nown of its possible 
or probable effects, and it is also difficult once the technology is well-
dev eloped because by then interv ention is ex pensiv e and drastic ( see 
V an A sselt et al.*) . A  major challenge for research is therefore to find 
ways to regulate in early stages when it is still possible – albeit in the 
dark  – to regulate, which calls for innov ativ e approaches (Rip*; M andel, 
2 0 0 9 ) .  
Challenging as the dilemma was in 19 8 0  when Collingridge 
formulated it, it has become only more acute in light of ‘technological 
turbulence’, with short innovation cycles in, for example, the IC T  sector. 
The Internet is a good ex ample of another time-related phenomenon: 
namely, G artner’s hype cycle, which observes how technologies start 
with a trigger, rise to the peak  of inflated ex pectations, only to plummet 
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in the trough of disillusionment, from which it can slowly climb the 
slope of enlightenment to finally reach the plateau of productiv ity 
(Fenn, 19 9 5) . Researchers of technology regulation may observ e that 
regulation freq uently follows a similar hype cycle in itself. A lthough the 
regulatory cycle can follow the technology cycle with a time lag, at other 
times it interv enes in the technology cycle by inflating ex pectations 
( regulating electronic signatures in the mid-19 9 0 s) , pushing the 
technology into the abyss of disgrace (prohibiting embryonic stem-cell 
research in the U S ) , or giv ing the technology a leg-up in its ascent of 
the slope of enlightenment ( liberally handing out patents in 
biotechnology)  ( cf. V an den Daele*) .  
 
15.2 .5. R e g ulation T y p e  
W ith place and time, we hav e already come close to the more 
regulation-related dimensions of TR research space, where we hav e 
now arriv ed. The primary dimension in this region is the type of 
regulation at issue. A s I use a broad notion of regulation – the 
intentional influencing of someone’s or something’s behaviour – this is 
a v ery rich dimension indeed. It comprises, for ex ample, the regulatory 
‘toolbox’, in which we find – depending on who crafted the toolbox  – 
L essig’s ( 1 9 9 9 )  four modalities of regulation ( law, social norms, 
mark et, and architecture)  or H ood’s tools of government (nodality, 
authority, treasure, and organisation)  ( see the reappraisal of H ood by 
Raab and De H ert, 2 0 0 8 ) . E q ually important are the actors wielding 
these instruments, the regulators (gov ernments at different lev els; 
N G O s; standardisation bodies; public-priv ate partnerships, etc.) , and 
the actors targeted by them, the regulatees, not to mention popular 
hybrids of these in the form of self-regulation and participatory 
gov ernance. M oreov er, these actors act within regulatory institutions, 
such as the E U  regulatory framework , U N  bureaucracy, or cybercultural 
Internet gov ernance network s, which shapes the tools and actors as 
much as it is shaped by them. There is thus a significant 
interdependence between tools, actors, and institutions, which is why I 
hav e stretched them together along one ax is of regulation type.  
Further refinements can be made of different aspects of regulation 
type. B rownsword ( 2 0 0 8 : 1 6 )  has introduced regulatory ‘pitch’ as a 
relev ant factor, i.e., in what tone of v oice regulators speak  to regulatees. 
They can use for ex ample a paternalistic, command-and-control v oice 
( ‘thou shalt not copy’)  or a soft-sisterly, caring voice ( ‘do protect your 
e-bank ing password’) , but also a practical voice ( ‘introductory offer: 
biometric passports now with 2 0 %  discount!’) . H e also mentions 
regulatory range ( B rownsword, 2 0 0 8 : 19 -2 1) : behav iour can be 
influenced by negativ e ( stick )  or positiv e ( carrot)  or neutral means. A nd 
these can again be implemented in different ways, for ex ample a stick  
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to discourage undesirable behav iour can tak e the form of criminal, 
administrativ e, or civ il sanctions. M any other aspects can be 
distinguished of regulation types that can help us to better understand 
this dimension. It is therefore highly relev ant for technology regulation 
research to engage with scholars from legal theory, political science, 
policy studies, law &  economics, and business administration.  
 
15.2 .6 . N orm ativ e  O utlook  
Technology regulation does not tak e place in a neutral v acuum. O n the 
contrary, since it focuses on influencing behav iour, normativ e elements 
enter the picture as a matter of course. The substantiv e goal of the 
regulation – which will of course always be normativ e in nature to a 
greater or lesser ex tent – is included in the prev ious dimension, since 
that is part and parcel of the regulation type. There is more to norms 
than the goal of regulation, howev er, and that is the normativ e outlook  
that underlies or implicitly feeds technology regulation. This can be a 
certain ethical paradigm, such as utilitarianism or communitarianism, 
a religious belief, or widely-shared v alues that are almost tak en for 
granted in a certain community, such as indiv idual autonomy in 
W estern liberal democracies, k inship bonds in the S outh P acific, or 
originality in the global academic research community.  
N ormativ e outlook s do not necessarily inv olv e the most obv ious 
normativ e paradigms such as ethics or religion. There are also more 
subtly normativ e assumptions that underlie regulatory decisions. For 
example, one’s risk  attitude or tolerance of risk  is a hugely important 
factor in risk  gov ernance processes; risk -av erse regulators will reach for 
precaution where risk -tolerant regulators may sooner adopt a wait-and-
see or early-warning approach. This can be seen as an instance of what 
B rownsword ( 2 0 0 8 : 2 1 )  has termed ‘regulatory tilt’, i.e., the default 
position set by regulators, which can lean towards the permissiv e or the 
prohibitory side, and which is influenced by all k inds of underlying 
assumptions or attitudes. U ncertainty attitude could also be included 
here, which refers to the lev el of uncertainty that regulators can or want 
to cope with ( V an A sselt et al.*) .   
S uch normativ e outlook s are the substrata on which technology 
regulation is cultiv ated, and therefore significantly affect how concrete 
cases of technology regulation grow and flourish (or not) . They are, 
howev er, rarely made ex plicit, and it is a primary task  for TR research to 
ex pose how the implicit normativ e outlook s influence the process and 
outcome of technology regulation. For this reason, the normativ e 
outlook  is an important dimension in its own right. 
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15.2 .7 . K now le dg e  
U ncertainty attitudes, and the associated ‘uncertainty paradox’ ( V an 
A sselt et al.*) , hav e much to do with the lev el of k nowledge that is 
av ailable. H ere we encounter the dimension of k nowledge, which 
should be seen as a separate dimension from normativ e outlook s; the 
latter focuses on k nowledge on a meta-lev el (how we deal with 
k nowledge) , whereas the dimension of k nowledge itself deals with its 
substance. It comprises what we k now and how much (or how little)  
about a technology and its effects, about certain regulatory aspects, or 
about some instance of technology regulation. The major factors here 
are, in the well-k nown distinction from risk  regulation, k nowns and 
unk nowns, with the useful distinction that there are k nown unk nowns 
(we don’t k now how psycho-pharmaceuticals affect the brain in the 
long term)  as well as unk nown unk nowns (we are not yet able to 
imagine all possible effects that nanomaterials may hav e on life, the 
univ erse, and ev erything) . P articularly the unk nown unk nowns mak e 
technology regulation trick y, because we do not k now ex actly what 
types of ignorance or uncertainty we should focus our efforts on. 
Fortunately, unk nown k nowns may come to the rescue, i.e., things that 
we k now but are unaware of as being relev ant to the case at hand, for 
ex ample, because they are common k nowledge in a different field but 
unk nown in the primary discipline from which a problem is 
approached. U nk nown k nowns are a category that is somewhat 
underappreciated in technology regulation. B ringing together different 
disciplines, which is one of the k ey aspects of TR research, may well 
bring to light unex pected insights that help to identify the relev ant 
k nowns and unk nowns or to turn an unk nown into a k nown. 
Technology regulatory challenges that we suspect of inv olv ing 
significant unk nown unk nowns can clearly benefit from structural 
transdisciplinary research or, as we may wish to call it, organised 
serendipity.  
 
15.2 .8 . D iscip line  
K nowledge has brought us closer towards the end of our journey 
through TR research space, as we enter the region of research-related 
dimensions. The discipline or field of research itself is the primary 
dimension here. A long this ax is the disciplines of academic research 
are spread out. Technology regulation can be researched from all k inds 
of disciplinary perspectiv es, including law and its subdisciplines, 
gov ernance studies, ethics, policy studies, public administration, 
political science, economics, media studies, communications theory, 
psychology, sociology of technology, philosophy of technology, 
cybernetics, information theory, systems theory, robotics, genetics, 
neuroscience, and so on and so forth. S ome of these fields are age-old; 
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others are v ery young, emerging on the map after years of 
multidisciplinary and interdisciplinary research to become a discipline 
in their own right. W e need not go into the semantics of multi-, inter-, 
cross-, trans-, neo-, or post-disciplines here; for the purposes of this 
chapter, it suffices to note that the dimension of discipline is rich, 
div erse, and dynamic. W hat you research, and how you research it, is to 
a large ex tent defined by the research discipline you use. B ut it also 
work s the other way around, since research disciplines ev olv e and are 
transformed by the gradual change in the research problems they deal 
with.  
 
15.2 .9 . P roble m  
Technology regulation research is not random, but aims at addressing 
a certain issue, usually a problem in theory or practice. A  crucial 
dimension of TR research space is therefore the problem definition. Is 
it the aim to understand how a certain mechanism work s, in 
technology, in regulation, or in technology regulation?  Is it to elucidate 
an emerging phenomenon, such as de facto regulation in early-stage 
nanotechnology dev elopment (Rip*) ?  Does the research focus on 
solving a problem in theory, such as how to overcome P arfit’s dilemma 
( G av aghan*)  or how to reinv ent the legal system after the adv ent of 
A mbient Intelligence ( H ildebrandt*) ?  O r does it aim to solv e a problem 
in regulation practice, for ex ample, to consider what are the most 
satisfactory current regulatory regimes for regulating nanotechnologies 
( B owman et al.*) ; or whether patent law is being applied adeq uately to 
stimulate innov ation ( S chellek ens*) ?   
P roblem definitions thus range from understanding something to 
solv ing something, and the conseq uent research inv olv es approaches 
ranging from the purely descriptiv e through the analytical to the 
normativ e. O ften, the type of problem and the type of approach go 
hand in hand, a descriptiv e approach usually being applied for 
enhancing understanding, a normativ e approach being applied for 
solv ing an actual problem. This is not necessarily the case, howev er: 
part of a solution to a regulatory problem may be to describe the k nown 
or possible conseq uences of v arious solutions, without tak ing a stance 
on which solution ‘best’ solves the problem; and a problem definition 
aimed at better understanding a certain mechanism, such as how 
regulatory interv entions affect fundamental rights, can well be 
normativ e in character. This shows that researchers face a range of 
choices in the problem definition of what they want to address: what 
problem ex actly do they target, what k ind of problem is this, what is a 
suitable approach to addressing this problem, and what  methods can 
or should be used for that?   
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N ote that this dimension does not ex clusiv ely apply to researchers. 
Regulators also hav e to think  about how they define the problem when 
they regulate. To address a regulatory problem, the same q uestions of 
problem definition and approach apply. S ome such q uestions fall 
within the dimension of regulation type, but sev eral q uestions are more 
preliminary than that, as regulators hav e to define the problem before 
they can go on to choosing regulatory instruments, inv olv e actors, etc.  
 
15.2 .10 . F ram e  
W hereas the ‘problem’ dimension deals with framing research 
q uestions, many other factors are also involved in ‘framing’ technology 
regulation research, in the sense of constraints that define the ‘window’ 
through which you v iew the world. It is useful to distinguish between 
these two k inds of framing: a)  activ ely framing the problem in a certain 
way for research purposes and setting the parameters that you can play 
with ( such as the type or scope of the problem) , which is dimension 
no. 9 , and b)  finding oneself in a frame of reference that constrains the 
room for action. This constitutes a separate dimension, because many 
factors function as relev ant research constraints. For ex ample, the 
system bias of the organisation of research (which influences whether 
research is conducted in priv ate or public institutions or public-priv ate 
partnerships, in commercial or not-for-profit settings, with certain 
lev els or types of researchers)  affects the types of research that can be 
or are being done. O bv iously, the av ailable amount of money – and the 
ways in which it can be spent – also influences the research. M oreov er, 
social norms (what is ‘accepted’ or ‘acceptable’ research)  and ethical or 
legal research guidelines constrain the scope for research, for ex ample 
to what ex tent ex periments can be done with animals or humans. A nd 
all k inds of other biases – such as gender, cultural, or beliefs bias, for 
ex ample when the world is perceiv ed from the perspectiv e of a W A S P  – 
affect the research. In short, similar to the way in which normativ e 
outlook s constrain the regulation region of TR space, the frame 
constrains the research region of TR space, often ‘under the sk in’ and 
beyond the awareness of researchers or regulators. It is important to 
become aware of these constraints if the results of research are to be 
appreciated on their merit and limitations.  
 
15.3 . F inding  Y our B e aring s in R e se arch  S p ace  
S o, what hav e we gained by hav ing trav elled through this ten-
dimensional space?  H opefully, journeying, albeit briefly, along each 
consecutiv e dimension has elucidated the multi-faceted nature of 
technology regulation and has shown how complex  it is to research 
technology regulation. M ost dimensions will hav e been v ery obv ious 
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but others were possibly less so. B ecoming aware of all ten dimensions 
can help researchers as well as regulators to find their bearings in TR 
research space. To find out where we stand (or float, if we do not hav e 
ground to stand on) , all we hav e to do is determine the ten co-
ordinates in space of our current position. A lthough it remains 
impossible to graphically represent ten dimensions on two-dimensional 
paper, the following graph may help to represent the ten dimensions, 
grouped together by the three constitutiv e elements of technology 
regulation research.  
 
Figure 15.1. The ten dimensions of technology regulation research 
space 
 
A n assumption underlying this map of TR research space is that the 
dimensions are orthogonal, i.e., that they are independent from each 
other. This is a serious simplification, since in real life, no neat 
distinctions apply, and most things are related in some way or another. 
Certain dimensions are no doubt interrelated to some degree, such as 
the normativ e outlook  that feeds regulation and the framing 
constraints of an associated research problem, or the type of techno-
logy and the discipline that studies its regulation. I am sure, too, that 
my own frame of reference has affected my drawing the map in this 
way, being influenced, for ex ample, by a W estern liberal-democratic 
back ground, work ing in a law faculty, and a mathematician’s predilec-
tion for dimensions. O ther researchers may distinguish certain other 
dimensions, or in fact group all the aspects of TR research in a 
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somewhat different way based on other metaphors than multi-
dimensional space. The map drawn here does not pretend to be, 
literally, a map of ‘real’ space. It is a map that may help trav ellers in 
technology regulation research to determine their coordinates by 
prov iding a check list to look  around and tak e into account all possibly 
relev ant aspects. 
To illustrate how the map could be used, tak e a look  at, for ex ample, 
the chapter in this v olume by B ä rbel Dorbeck -Jung*. W e can situate her 
contribution in the upper regions of the map: the dimensions most 
v isible in her analysis are regulation type, k nowledge, and innov ation. 
The paper is a q uest for prudent types of regulation for a technology – 
nanomedicine – that raises problems because its innov ativ eness (nano-
structures calling into q uestion the distinction between medicinal 
products, medical dev ices, and biologic products)  causes gaps in 
k nowledge, not only in terms of uncertain risk s associated with 
nanomedicine but also in terms of the applicability of ex isting 
regulatory regimes. Interestingly, the dimensions of innov ation and 
k nowledge are not only activ e in the problem definition, but also in the 
search for solutions: k nowledge gained in the regulation of adjacent 
technologies (medical products, in particular adv anced therapy 
medicinal products)  may show good practices that can help to regulate 
nanomedicine, applying an innov ativ e approach to regulation of 
‘prudent regulatory hybridisation’.  
A lbeit less v isible in the main argument of Dorbeck -Jung’s chapter, 
other dimensions nev ertheless also play a role. The problem at hand is 
triggered partly by nanomedicine being a hybrid type of technology – 
nanotechnology applied in the life sciences – in a temporal state of 
rapid dev elopment that calls for continual v igilance throughout the 
entire regulatory product cycle. The place of action is E urope, which 
brings along a normativ e outlook  of democratic v alues of, inter alia, 
openness and participation that influence the direction of regulatory 
solutions. It would be interesting to conduct a comparable analysis for 
other places, such as S outh-E ast A sia or the U nited S tates, and see 
whether their regulatory traditions and attitudes to risk  and uncertainty 
lead to similar preferences for hybrid forms of soft-law and hard-law 
regulation, and whether in their regulatory contex ts, nanomedicine is 
also seen as problematic for the way in which it blurs the distinction 
between medicine, dev ice, and biologic product that underlies health 
regulation. M oreov er, the analysis is grounded in the discipline of 
gov ernance studies, but also draws upon v aluable insights from legal 
theory and S cience &  Technology S tudies. It might be further enriched 
by scholars who could incorporate insights from other fields, such as 
systems theory, with k nowledge of how hybridisation processes of 
different systems work . Finally, it could also be an interesting ex ercise 
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to analyse how the problem definition – “ what lessons can the 
regulation of nanomedical products learn from the E uropean U nion’s 
medical product regulation? ”  – is framed by the presentation of the 
latter as an example of ‘prudent’ regulation, with the epithet subtly 
leading the reader to hav e an uncritically fav ourable attitude to 
hybridisation of regulation: surely, no-one would advocate ‘imprudent’ 
regulation that stick s to monolithic forms of regulation?  The underlying 
assumption is that hybridisation of regulation – merging soft-law and 
hard-law elements – will combine the best of both worlds rather than 
lead to a lose-lose situation; this may not be an unwise assumption, 
but it could do no harm to test it ex plicitly, perhaps in ex -ante 
ev aluation of proposed regulatory solutions, or in continual v igilance of 
the regulatory cycle of emerging nanomedicine regulation.  
The map of dimensions of technology regulation space can be used 
in this way as a heuristic tool to position research – ex  post, as I hav e 
done here, but also ex  ante by researchers embark ing on writing a 
paper – and therewith show the major directions in its argument. 
P erhaps more importantly, it also elucidates its less-dev eloped 
elements, which can point the way to relev ant q uestions for further 
research. It would be a great ex ercise to do a similar mapping of the 
other chapters in this v olume, in order to come up with a 
comprehensiv e agenda for future research, but I am running out of 
space here and will leav e this ex ercise to the imagination of the reader 
in her role of armchair trav eller.  
 
15.4 . T o B oldly  G o 
A s I indicated in the introduction, I hav e presented here an essayistic 
attempt to comprehensiv ely map the dimensions of the technology 
regulation research. I am open to other maps, as well as to other 
metaphorical representations of the field we operate in. W hat is 
important, I think , is to support the emerging discipline to gain some 
foothold in terms of analytic tools that help us understand what this 
discipline is about, how it approaches its research, what it can 
contribute to the body of k nowledge, which k nown unk nowns need to 
be researched, and, most ex citingly, to get an intuition of the unk nown 
unk nowns that await us out there when we trav el further in TR research 
space.  
A s the contributions to this v olume attest, technology regulation 
can be fruitfully studied from many different perspectiv es and 
disciplines. B ut ultimately, it is the combination and integration of the 
many perspectiv es and research back grounds that mov es the field 
forward onto another lev el of understanding of how technology 
interacts with society, how regulation responds to and interv enes in 
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this interaction, and how regulation at the same time is shaped by the 
interaction of technological and social dev elopments.  
B ringing together v arious researchers and their insights into a single 
v olume is more than an act of book -binding – it is an act of research-
binding and discipline-building as well. Technology regulation mak es 
up a most complex  multi-dimensional space, but with joined forces, we 
are well eq uipped to embark  on the journey to ex plore unk nown parts 
of the univ erse. To ask  q uestions that no-one has ask ed before. To 
boldly go, where no researcher has gone before.  
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